Mastitis is an important cause of early culling of dairy heifers. The aims of this study were to identify microorganisms that cause subclinical mastitis (SCM) in Holstein heifers in northern Jordan, to estimate the relative importance of various microorganisms, and to examine the correlation between the somatic cell count (SCC) and the isolated microorganisms. Composite milk samples were collected aseptically from 133 Holstein heifers between Days 5 and 14 postpartum for bacterial culture and somatic cell counts. The prevalence of subclinical mastitis in this study was 57.1%. Seventy six (76) of the 133 cows tested had SCC of > 250 000 cells/ml. Bacteria were isolated from 36 (27.1%) cows. About sixty six percent (66.7%) of these isolates were cultured from cows with subclinical mastitis. Coagulase-negative Staphylococci (CNS) were the most prevalent bacteria among isolates (50%), followed by Staphylococcus aureus (22.2%), Corynebacterium bovis and coliforms (E. coli and Klebsiella pneumoniae) (5.6% each), and Streptococcus uberis (2.8%). Interestingly, the majority of the negativeculture samples (53.6%) had elevated SCC. All isolates except for the CNS group exhibited strongly elevated SCC (> 1 × 10 6 cells/ml). However, the coagulase-negative Staphylococci did not have a distinct pattern with respect to SCCs. There was a strong correlation (P ≤ 0.05, correlation coefficient 0.213) between the results of bacterial culture (culture-positive vs. culture-negative) and SCC class but not between SCC class and the type of isolated bacteria. It is concluded that subclinical mastitis appears to be a significant health issue for dairy heifers in Jordan.
Mastitis, in general, is one of the most widespread and damaging diseases in dairy cows . Heifer mastitis is considered as a condition which is discrete from mastitis in older cows and has a different presentation and distinctive features .
Intramammary infections in heifers in early lactation potentially cause severe economic losses because of detrimental effects on udder development and future production leading to an increased risk of premature removal from the herd . The prevalence of subclinical mastitis in heifers varies widely among studies and ranges from 12% to over 57% of quarters infected ). Coagulase-negative Staphylococci (CNS) are the most prevalent cause of subclinical mastitis in heifers. In some studies, Coagulase-positive Staphylococci (CPS) were the second most prevalent pathogens, while environmental Streptococci found in soil, manure, and bedding ranked third on the list .
Somatic cell count (SCC) in milk is an important indicator of the health status of the udder and remains the most widely used tool to diagnose subclinical mastitis ). Most studies suggest that cows with SCC of less than 200 000 cells/ml are not likely to be infected with major mastitis pathogens, while cows with SCC doi: 10.17221/7980-VETMED of 300 000 cells/ml or greater are very likely to be infected (NMC 1997) .
In Jordan, several studies have been conducted in order to investigate bovine mastitis , but only one study focused on mastitis in heifers . In Jordan, research aimed at improving control measures for infectious diseases, especially mastitis, is still in its infancy at best. Therefore, the objectives of this study were to identify microorganisms that cause subclinical mastitis (SCM) in Holstein heifers in northern Jordan, to estimate the relative importance of various microorganisms, and to examine the correlation between the somatic cell count (SCC) and the isolated microorganisms.
MATERIAL AND METHODS
Study area and animal population. One hundred and thirty three (133) primiparous dairy cows were used in the study. This investigation was mainly conducted in the northern part of Jordan, where the major population of cows is Friesian-Holstein. This is also the major dairy breed in the county as a whole, with the rest being local breeds (DOS 2014) . The animals involved in this study were randomly selected from 50 different medium-sized (50-200 cows) dairy farms. The traditional housing system for this size farm in Jordan is the confinement system, which comprise either padded packs or stanchions barns. The feeding system consists of componentfed rations, in which concentrates are fed separately from forages. The weight of the heifers ranged from 520-590 kg. All heifers were selected by the farm veterinarian after complete physical examination. The selected animals were agreed upon by the author after a telephone discussion with every farm veterinarian. The heifers were clinically healthy, with no apparent local or systemic signs of inflammation or any alterations in milk appearance or contents.
Milk sample collection. Composite milk samples were collected aseptically by the farm veterinarians following standard milk sampling techniques . Milk was collected from heifers between Days 5 and 14 postpartum. The teats were cleaned and wiped with 70% alcohol solution before taking the samples. The samples were collected from all four quarters as follows: near front, near rear, far rear and then far front while holding the cap with the same hand as that holding the tube so as to minimize contamination as much as possible. The first three to five squirts of milk were discarded and approximately 10 milliliters of milk were collected in sterile tubes. Samples were kept on ice during transport to the laboratory. Somatic cell counting and bacteriological examination were always performed between 2 and 4 h after the sample collection.
Somatic cell count. Somatic cell count was determined by spreading 0.01 ml of thoroughly mixed milk from each sample over a 1 cm 2 area on a glass slide. The slides were left to air-dry on a flat surface and were stained by Newman-Lampert stain and examined microscopically using the procedure outlined by Embert (1986) . Twenty to forty fields were counted for each sample to ensure reproducibility and accuracy. Grouping of SCCs was chosen arbitrarily by the author. A threshold of 250 000 cells/ml was considered a cutoff point for classification of subclinical mastitis in individual samples. Somatic cell counts were classified into three groups as follow: SCC1: SCC < 250 × 10 3 cells/ml, SCC2: SCC = 250 × 10 3 to 1 × 10 6 cells/ml, SCC3 > 1 × 10 6 cells/ml. Bacteriological examination. All samples were prepared and cultured according to standard methods . Separate samples were cultured on blood and MacConkey agar then incubated aerobically at 37 °C for up to 48 h. Bacteria on culture-positive plates were characterised mainly according to their gram-stain reaction, haemolytic features and colony morphology. The staphylococcal isolates were identified as Staphylococcus aureus and coagulase-negative Staphylococci (CNS) using catalase, tube coagulase, and fermentation tests for the production of acid from glucose, mannitol, and maltose. CNS strains were identified to the species level using a microtube identification system (Microbact, Staph 12S Staph-Ident System MB1561, Oxiod, UK). Escherichia coli and other Enterobacteriaceae were identified by catalase, oxidase, and IMVIC tests as well as growth on MacConkey agar and metallic sheen on EMB agar. A gram negative identification system was used for strain identification (Microbacter GNB 24E, Oxiod UK). Streptococci spp were identified using the CAMP test, esculin hydrolysis, hemolysis, and by the absence of growth on MacConkey agar. The Strepto system 9R (Lio Filchem S.KI, Italy) was used for speciation of Streptococci.
Statistical analysis. Statistical analysis of means and frequencies was performed to determine the doi: 10.17221/7980-VETMED prevalence of subclinical mastitis in heifers, as well as to show the distribution of the isolated microorganisms among all samples. The correlation between different somatic cell count classes, bacterial growth (culture-positive vs. culture-negative) and type of isolated bacteria was estimated using Spearman's correlation. All statistical analyses were carried out using SPSS v.17.0 software.
RESULTS

Prevalence of subclinical mastitis
The prevalence of subclinical mastitis in this study was 57.1%. Of the 133 cows sampled, 76 had a SCC of > 250 000 cells/ml (Figure 1 ).
Bacterial isolates
The number of bacterial species isolated and their distribution are shown in Table 1 . Of all the milk samples examined, bacteria were isolated from 36 (27.1%) cows. About sixty six percent (66.7%) of these isolates were cultured from cows with subclinical mastitis, defined as those with SCC > 250 000 cells/ml. Only half as many isolates were from heifers with SCCs within the normal range. Coagulase-negative Staphylococci (CNS) were the most prevalent bacteria among isolates (50%), followed by Staphylococcus aureus (22.2%), Corynebacterium spp. and coliforms (E. coli and Klebsiella pneumoniae) (5.6% each), and Streptococcus uberis (2.8%). Staphylococcus chromogenes was cultured most frequently from the CNS-positive milk samples (19.4%), followed by Staphylococcus epidermidis (16.7%).
Somatic cell counts and bacterial cultures
The median of the somatic cell count among positive-culture samples was 460 000 cells/ml, while among the negative-culture samples the median was 280 000 cells/ml. Most of the cows that were positive by culture had subclinical mastitis (Staphylococcus aureus: 75%, CNS: 72.1%, Corynebacterium: 50%, Streptococcus uberis: 100% and coliforms: 100%). All isolates except for the CNS group were associated with highly elevated SCCs (> 1 × 10 6 cells/ml) (Figure 2) . However, the coagulase-negative Staphylococci isolates did not have a distinct pattern with respect to elevated SCCs. Among all coagulase-negative Staphylococci isolates, 33.3% were associated with a highly elevated SCC (> 1 × 10 6 cells/ml), 38.8% were associated with a modestly elevated SCC (250 × 10 3 to 1 × 10 6 cells/ml) and 27.7% did not affect the SCC (< 250×10 3 cells/ml). A majority of the negative-culture samples (53.6%) had elevated SCCs; 43.3% of which were associated with a modest increase in the SCC (250 × 10 3 to 1 ×10 6 cells/ml), while 10.3% were associated with a highly increased SCC (> 1 × 10 6 cells/ml). Correlation analyses revealed a strong correlation (P ≤ 0.05, correlation coefficient 0.213) between bacterial culture results (culture-positive vs. culture-negative) and SCC class. However, no correlation was detected between SCC class and the type of isolated bacteria. 
DISCUSSION
A study performed by Dr. Stephen Nickerson in 1995 was the first to remove the veil on the high prevalence of mastitis in the heifer population. Subsequent studies worldwide have investigated this important issue , since heifers represent the genetic future and productivity of the dairy herd. However, the emphasis in these studies was on the prevalence of clinical mastitis rather than the subclinical form of the disease. In this study I have tried to draw attention to the prevalence of subclinical mastitis because of its massive effect on milk production as well as on future udder development.
In this study, the prevalence of subclinical mastitis in heifers in northern Jordan was 57.1%. This finding is similar with the rate reported in the Netherlands, United States and Belgium , where the rate ranges between 12 to over 57%. However, in an earlier study conducted in Jordan , the rate of subclinical mastitis in heifers was reported to be 94%. However, these authors used the California mastitis test (CMT) as a diagnostic method for subclinical mastitis, while I used somatic cell counting, which is a more sensitive method for detection of subclinical mastitis (NMC 1997; Lafi 2006 ). In addition, the geographical area of sample collection might have contributed to differences in the observed prevalence rate.
The prevalence rate (64%) of environmental pathogens (CNS 50%, Corynebacterium bovis 5.6%, coliform 5.6% and Streptococcus uberis 2.8%) as the major cause of subclinical mastitis in the present study is in agreement with other studies conducted regionally and worldwide . A high prevalence of environmental pathogens is suggestive of poor cleaning and preparation of the udder before milking. Contaminated bedding, dirty environments, and colonisation of teat skin and teat injuries are potential sources of environmental pathogens .
Evidence for the presence of contagious mastitis was strengthened by the isolation of Staphylococcus aureus from 22.2% of the culture-positive samples. This finding runs counter to those of other studies that have been conducted nationally and internationally. Studies that have targeted the prevalence rate of contagious mastitis in Jordan showed a higher prevalence rate (35-45%) , whereas in other parts of the world a lower rate was reported (0.5-14%) . The reasons for this discrepancy may lie in the warmer weather in Jordan as well as the lack of implementation of hygiene control measures, fly control, optimal nutrition, inter-sucking among young stock in addition to the comfort measures, especially around calving. On the other hand, the lower rate reported in this work compared to other works that have been carried out in the same region might be attributed to fluctuating climactic conditions throughout different seasons of the year when the samples were collected, and may also be influenced by the geographical area of sample collection. Since much of the world is selecting for mastitis resistance, the genetic differences between the heifers in this study and previous studies may also explain some of the differences.
In this study most Staphylococcus aureus, Streptococcus uberis and Corynebacterium bovis-positive samples had SCCs of more than 1 × 10 6 cell/ml; their properties as major pathogens that robustly trigger activation of the immune system may be doi: 10.17221/7980-VETMED responsible for this. However, the coagulase-negative Staphylococci did not have a distinct pattern with respect to elevated SCC values. There was a strong correlation (P < 0.05, correlation coefficient 0.213) between the results of bacterial culture (culture-positive vs. culture-negative) and SCC class but not between SCC class and the type of isolated bacteria. These results were expected and indicate that increased SCCs in infected udders is a result of a non-specific immune response. In general, the increase in the SCC might depend on the host immune system at the time of the infection in addition to the pathogenicity of the isolated organism. This might explain why CNS isolates did not exhibit any pronounced tendency with respect to elevated SCC values, although they are considered less pathogenic to the mammary gland and theoretically produce persistent subclinical mastitis with a modest increase in the SCC. Interestingly, in this study a majority of the culture-negative samples (53.6%) had elevated SCCs. An elevation in the normal SCC values in the absence of bacterial growth on blood agar may be attributed to many factors; presence of antibiotic traces in the milk, incorrect handling, prolonged time required for transport of samples resulting in a fall in the number of mastitis-causing bacteria to non-detectable levels, numbers of bacteria being below detectable levels (10-100 organisms/ml) at collection time. This may occur with Staphylococcus aureus, coliforms and Mycoplasma spp. Additionally, it is possible that bacteria may not be viable or that clinical signs may be due to bacterial products or, alternatively, that the organisms may have been killed by the cow's immune system. Finally, infection may be caused by organisms not cultivable in routine culture (anaerobes, or organisms requiring special nutrients).
Also, it is probable that SCC values might change with the stage of bacterial insult. Moreover, in several studies statistical analysis on complete SCC and bacterial culture data were performed and showed no association between SCC and bacterial isolation ).
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